The hydraulic jump in a sloped triangular channel of 908 central angle is theoretically and experimentally examined. The study aims to determine the effect of the channel's slope on the sequent depth ratio of the jump. A theoretical relation is proposed for the inflow Froude number as function of the sequent depth ratio and the channel slope. An experimental analysis is also proposed to find a better formulation of the obtained relation. For this motive, six positive slopes are tested. The relations obtained are recommended for designing irrigation ditches.
Introduction
The hydraulic jump is used to dissipate the kinetic energy of a supercritical flow to avoid important modifications of the stilling basin bed. Nevertheless, the triangular section does not satisfy the requirement of a stilling basin, but has some interesting practical applications when used as an irrigation ditch (Achour 1989) . The capacity of the hydraulic jump to raise tailwater depth is used to prime a hose siphon designed for the required discharge. The hydraulic jump has been studied by several researchers in recent years. These include Hager and Bretz (1987) , Hager (1992) , and Ead and Rajaratnam (2002) who studied the hydraulic jump in a horizontal rectangular channel. Hager and Wanoschek (1987) , Achour and Debabeche (2003) and Debabeche and Achour (2007) , examined the hydraulic jump evolving in a horizontal triangular channel. The first detailed study of the hydraulic jump, in a rectangular channel with positive slope, was by Bakhmeteff and Matzké (1938) who examined the surface profile, the length of the jump, and the velocity distribution. Kindsvater (1944) classified sloped jump according to the position of their toe with regard to the downstream extremity of the slope (Fig. 1 ), in four types: A-jump for which the toe of the jump coincides with the downstream extremity of the slope, B-jump for which the toe of the jump is between the A-jump and the C-jump, Cjump for which the end of the jump roller coincides with the downstream extremity of the slope, and D-jump for which the jump roller appears completely in the sloped portion. The D-jump was analyzed by Wielogorski and Wilson (1970) , Ohashi et al. (1973) , Rajaratnam and Muhrahari (1974) , Mikhalev and Hoang (1976) .
The present study suggests investigating, theoretically and experimentally, the hydraulic jump in a triangular channel with a central angle of 908 and a positive slope. The configuration of the jump adopted for this paper corresponds to the D-jump according to the classification of Kindsvater (1944) . The aim of this paper is to propose, for this configuration of jump, a theoretical relation (F 1 = f(Y, l, a)) expressing the inflow Froude number F 1 as a function of the angle of inclination a of the channel with regard to the horizontal of the sequent depth ratio (Y = h 2 /h 1 ) (h 1 and h 2 are, inflow and final flow depths, respectively) and of the relative length (l = L j /h 1 ) of the jump. The proposed relation will be obtained by application of the momentum equation applied between the upstream and downstream sections of the jump. In addition, an experimental analysis will be proposed to find a better formulation of the obtained theoretical relation.
Theory
The momentum equation applied between sections 1 and 2 is written as follows:
where r is the density, and Q is flow discharge. Figure 2 shows a hydraulic jump evolving in a triangular channel with positive slope. The following hypotheses will be considered in sections 1 and 2: that the pressure is hydrostatic and the friction forces are negligible.
The weight W of the jump and the pressure forces P 1 and P 2 can be expressed by applying the hydrostatics laws as
where h 1 and h 2 are flow depths, v 1 and v 2 are average velocities, a is the angle of inclination of the channel, V is the volume of water included between sections 1 and 2,; m is the cotangent of the angle of inclination q of the channel walls with regard to the horizontal, and 6 is the specific weight of the fluid. Geometrically, the volume V of the jump in a triangular channel can be deduced from the quarter of a pyramid (Fig. 3a) . The geometrical shape of the volume V representative of the hydraulic jump is not perfectly prismatic because of the disturbance of the surface of the jump due to the surface roller. For that purpose, it is necessary to correct this volume by multiplying it by a coefficient k, which is the ratio between the real volume of the jump to the computed volume ABCDEF according to Fig. 3 . This coefficient was determined by using experimental data as follows:
By considering eq.
[2] and eq.
[3], eq.
[1] can be written as
The inflow Froude number for a triangular section is written as
s with m = (q) (for q = 458, m = 1), g and q are, respectively, the acceleration due to gravity and the angle of inclination of the channel walls with regard to the horizontal. By introducing eq.
[5] in eq.
[4], one obtains
Equation [6] may be expressed as follows:
Equation [7] expresses the inflow Froude number F 1 as a function of the sequent depths ratio Y of the angle of inclination a of the channel and the relative length l = L j /h 1 of a Fig. 1 . Classification of sloped jumps according to Kindsvater (1944) . By putting a = 0 in eq. [7] , one obtains eq.
[8] of Hager and Wanoschek (1987) concerning the classical hydraulic jump in a triangular channel.
To determine the coefficient k of eq.
[7], the proposed approach will be analyzed by using experimental data.
From eq.
[7] we can also obtain the expression of the relative length of the jump l:
Experiments
Experiments were made in a symmetrical triangular channel 3 m long with a 908 central angle at the Research Laboratory in Subterranean and Surface Hydraulics (LARHYSS) of the hydraulic department of University of Biskra (Fig. 4) . The hydraulic jump was created by setting a sill at the channel extremity. Six positions of the slope were tested so that the tangent of the angle of inclination a with regard to the horizontal takes the following values: 0, 1%, 2%, 3%, 4%, and 5%. For each value of the channel slope, a large range of the inflow Froude numbers was obtained (3 < F 1 < 13).
Determination of k coefficient
From eq. [7] one obtains the following expression of the coefficient k:
The k value was found by regression by using experimental data and its value is k = 1.12. This coefficient is a constant and does not depend on the slope of the channel. This observation was also verified by McCorcodale and Mohamed (1994) as well as Pagliara and Peruginelli (2000) for the jump evolving in a rectangular channel with adverse slope.
Explicit relation of the sequent depths ratio Y(F 1 , i)
One notices that eq.
[7] appears under an implicit form with regard to the sequent depths ratio Y and its application consequently requires the use of an iterative process. (A graphic adjustment (Fig. 5) of eq. [7] will make this one explicit in Y. Figure 5 shows that for a fixed F 1 , the tailwater depth h 2 increases with an increase in the channel slope i. By using the experimental data, the analysis of eq. 
Example of application
The following numerical exampleshows the utility of the obtained relations. By knowing the discharge Q = 0.5 m 3 /s, the inflow depth h 1 = 0.3 m, and the slope i = 5% of a hydraulic jump in a sloped triangular channel of 908 central angle, the inflow Froude number can be obtained from eq. 
Conclusion
The hydraulic jump in a sloped triangular channel with a 908 central angle is theoretically and experimentally studied. The configuration of the jump adopted for this paper corresponds to the D-jump type. A general relation is obtained for the inflow Froude number as function of the sequent depths ratio of the angle of inclination of the channel and of the relative length of the jump. The coefficient k, which represents the ratio between the weight of the real volume of the jump to the weight of the computed one, was found by using experimental data and it is a constant that does not depend on the inflow Froude number or the channel slope. However, the obtained relation appears under an implicit form with regard to the sequent depths ratio Y, and an explicit relation is proposed. This relation in particular permits a direct determination of the sequent depth ratio Y, knowing the inflow Froude number F 1 , and the slope of the channel. [-] 
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